The combination of aortic stenosis (AS) and mitral regurgitation (MR) is frequent in patients with valvular heart disease. This entity raises important challenges with regard to severity grading and therapeutic management of both AS and MR 1 . Long-standing afterload excess associated with severe AS induces hypertrophic remodelling, dilatation and/or dysfunction of the left ventricle (LV) (Figure 1 ). Secondary MR may develop in this context as a result of mitral valve leaflet tethering and mitral annular dilatation. Because of the high prevalence of concomitant coronary artery disease, ischaemic MR is also frequent in the elderly population with AS. Elderly patients may also present primary MR as a result of degenerative and calcified mitral valves.
The combination of aortic stenosis (AS) and mitral regurgitation (MR) is frequent in patients with valvular heart disease. This entity raises important challenges with regard to severity grading and therapeutic management of both AS and MR 1 . Long-standing afterload excess associated with severe AS induces hypertrophic remodelling, dilatation and/or dysfunction of the left ventricle (LV) (Figure 1) . Secondary MR may develop in this context as a result of mitral valve leaflet tethering and mitral annular dilatation. Because of the high prevalence of concomitant coronary artery disease, ischaemic MR is also frequent in the elderly population with AS. Elderly patients may also present primary MR as a result of degenerative and calcified mitral valves.
In the Euro Heart Survey, multiple valve disease, as defined by at least two moderate valvular diseases, was observed in 20% of the patients with native valve disease and in 17% of those undergoing intervention 2 . In a Swedish nationwide study, multiple and mixed valve diseases accounted for 11% of patients 3 and the most frequent combinations were i) AS and MR, and ii) aortic regurgitation and MR. Despite the relatively high prevalence of the concomitance of AS and MR, there are limited data on the pathophysiology, diagnosis, and management of this multiple valve disease entity.
Underestimation of AS severity in the presence of MR
In an in vitro study published in this issue of EuroIntervention, Katte et al 4 provide an elegant demonstration of the strong interdependence between aortic valve and mitral valve haemodynamics.
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Using a pulsatile circulatory model, the authors investigated the effect of the presence and severity of MR on aortic valve area (AVA) and mean transvalvular gradient (MG) in different degrees of AS severity. In the presence of severe AS (AVA ~0.5 cm 2 ), the worsening of MR from none/mild to severe resulted in a marked decrease in the forward LV stroke volume (from 70 to 47 mL) and thus in the MG (from 57 to 33 mmHg), whereas AVA remained unchanged. Hence, the backward flow induced by MR steals blood flow away from the aortic valve and therefore results in a low-flow state (forward stroke volume index <35 mL/m 2 ) ( Figure 1) . Given that the MG is highly flow-dependent, the presence of a low-flow state may lead to a pseudo-normalisation of MG and therefore to an underestimation of AS severity. As a matter of fact, in the present study 4 , the induction of a severe MR brought the MG from very severe (>50 mmHg) to moderate (<40 mmHg) range, while the AVA remained severe (<1.0 cm 2 ). This "discordant grading" situation with the concomitance of a small AVA (<1.0 cm 2 ) and a low MG (<40 mmHg) may raise uncertainty about the true severity of the AS and thus about the therapeutic management of the patient in the clinical setting. In the light of the results of the present study by Katte et al 4 , there is clearly a potential to underestimate AS severity in the presence of ≥moderate MR, if one relies only on MG or peak aortic jet velocity. The AVA is less affected by the low-flow state induced by MR and may be more reliable to assess true AS severity in the presence of MR. However, the AVA is also flow-dependent to some extent and it may be pseudo-severe.
There are three main types of discordant grading with small AVA and low MG 5,6 : i) classic low-flow, low-gradient AS with reduced LV ejection fraction (LVEF), in which the low-flow state is mainly related to the depressed LV systolic function, ii) paradoxical low-flow, low-gradient AS with preserved LVEF, in which the low-flow state is often, but not always, due to pronounced LV concentric remodelling and impaired LV filling, and iii) normalflow, low-gradient AS (in this situation the LVEF and forward stroke volume index are within normal range but the MG may nevertheless be low despite the presence of a severe AS). Some studies suggest that reduced arterial compliance may be one of the explanations for the normal-flow low-gradient pattern 5, 7 10 mmHg reduction in MG in the most severe degrees of AS and that the standard deviations were relatively large. The present study by Katte al 4 underlines the point that concomitant moderate or severe MR may actually cause a paradoxical low-flow, low-gradient AS pattern. Indeed, MR may substantially reduce the forward LV stroke volume and thus the MG, despite a preserved LVEF. Benfari et al also reported that MR is an independent determinant of low-flow state in patients with severely reduced AVA and preserved LVEF 8 . Other potential causes of paradoxical low-flow, low-gradient AS include atrial fibrillation, mitral stenosis, pulmonary regurgitation, tricuspid regurgitation, constrictive pericarditis, and cardiac amyloidosis 5, 6 . Concomitant MR is also frequent in patients with classic (low LVEF) low-flow, low-gradient AS and may contribute to the low transaortic flow state in these patients.
The interaction between aortic valve and mitral valve haemodynamics is bidirectional and AS may also alter the grading of MR severity. Indeed, the increased LV afterload caused by AS results in an increase of the transmitral systolic pressure gradient, therefore leading, for any given mitral effective regurgitant orifice, to higher mitral regurgitant volume (Figure 1) 1 . Hence, in the presence of AS, there is a potential to overestimate the anatomic severity of MR when relying on regurgitant volume.
Confirmation of AS severity in the presence of MR
Regardless of the underlying aetiology and mechanism of the low-gradient AS pattern, the main clinical challenge, is to differentiate a true-severe from a pseudo-severe stenosis (Figure 1) . The confirmation of stenosis severity is, indeed, crucial to guide therapeutic management in the patients with discordant (small AVA-low MG) grading. Low-dose dobutamine stress echocardiography may be used for this purpose in patients with low-flow, low-gradient AS 5, 6, 9 . However, in patients with concomitant MR, dobutamine stress may actually worsen the MR and fail to increase the forward flow across the aortic valve. Another approach to confirm AS severity in these patients is thus to quantitate aortic valve calcium load by multi-detector computed tomography (MDCT) (Figure 1 ) 5, 6 . This imaging modality is probably the best option for patients with low-gradient AS and concomitant MR, and especially those with preserved LVEF (i.e., paradoxical low-flow, low-gradient AS). An aortic valve calcium score >1,200 in women and >2,000 AU in men is consistent with true-severe AS 7, 9 .
Therapeutic management of low-gradient AS with concomitant MR
In the presence of low-gradient AS and concomitant MR, aortic valve replacement (AVR) is indicated if dobutamine stress echocardiography and/or MDCT confirm the presence of truesevere stenosis and the patient has symptoms and/or reduced LVEF (Figure 1) 9 . The next two key questions that need to be addressed by the Heart Team are: i) which type of AVR should be used in this context? and ii) should MR be corrected at the time of AVR or after AVR, or should it be left untreated? To answer these questions, it is important to take into account the patient's surgical risk as well as the aetiology and severity of the MR (Figure 1) 1 . The presence of moderate/severe MR is associated with increased risk of mortality and rehospitalisation following AVR, when the MR is left untreated 10,11 . Furthermore, secondary MR has a higher likelihood than primary MR to regress after AVR 11 . Hence, transcatheter aortic valve implantation (TAVI) should be preferred in patients with intermediate/high/extreme surgical risk and mild primary MR or mild/moderate secondary MR (Figure 1) . On the other hand, double valve surgery should be favoured in patients with low/intermediate risk and severe secondary MR or moderate/ severe primary MR. In patients treated with TAVI, it is also possible to treat the MR concomitantly (i.e., at the time of TAVI) or as a staged approach (i.e., after TAVI if MR and symptoms do not improve) using the MitraClip ® (Abbott Vascular, Santa Clara, CA, USA) or transcatheter mitral valve replacement (Figure 1) . The staged approach should be considered particularly when the likelihood of MR regression after TAVI is uncertain 1, 11 .
Conclusions
The coexistence of moderate/severe MR may lead to underestimation of AS severity, particularly when relying on MG or peak jet velocity to grade AS severity. On the other hand, moderate/severe AS may lead to overestimation of MR severity, particularly when relying on regurgitant volume. By reducing the forward flow across the aortic valve, concomitant MR may cause a paradoxical lowflow, low-gradient AS pattern. Particular attention should be paid to this insidious subtype of low-flow, low-gradient AS. Quantitation of aortic valve calcification by MDCT may help to corroborate the presence of true-severe AS and thereby confirm the indication of AVR in this situation. The decision making regarding the need for and type of procedure for the correction of AS and eventually MR should be individualised according to the patient's surgical risk, MR aetiology and MR severity (Figure 1 ).
